The optimum extraction conditions for highest recovery of total phenolics content (TPC) and antioxidant capacities (AC) were analysed for Mangifera pajang peels (MPP), using response surface methodology. The effects of ethanol concentration (X 1 : 20-80%), extraction temperature (X 2 : 30-65°C) and liquid-to-solid ratio (X 3 : 20-50 mL/g) on the recovery of total phenolics (Y 1 ) and antioxidant capacity (Y 2 ) were investigated. A second order polynomial model produced a satisfactory fitting of the experimental data with regard to total phenolic content (R 2 = 0.9966, p < 0.0001) and antioxidant capacity (R 2 = 0.9953, p < 0.0001). The optimum extraction conditions for TPC were 68%, 55°C and 32.7 mL/g, and for AC were 68%, 56°C and 31.8 mL/g, respectively. Predicted values for extraction of TPC and AC agreed well with the experimental values. Liquid chromatography-mass spectrometry of the optimally obtained extracts from MPP revealed the major phytochemicals as mangiferin, gallic acid, catechin and epicatechin.
Introduction
Phenolic compounds are common dietary bioactive compounds found in fruits, vegetables and cereals. Epidemiological studies have indicated that a diet rich in phenolics may have protective effects against various degenerative diseases (Halliwell, 2008) . Most of the beneficial characteristics of phenolic compounds are attributed to their antioxidant activity (Haleem, Barton, Borges, Crozier, & Anderson, 2008) . Currently, research and development activities on underutilised fruits have become a great priority. They are distinguished by the fact that they are locally abundant but globally rare. Scientific information and knowledge about them is also limited (Prasad et al., 2011) . Many of the underutilised fruits are rich in nutritional qualities, antioxidants, phenolic compounds, and carotenoids with potential health benefits (Ikram et al., 2009; .
Mangifera pajang Kosterm. belonging to the family Anacardiaceae, is one of the important underutilised fruit of Sabah and Sarawak, Malaysia. The fruits are brown in colour, ovoid in shape (Fig. 1A) , weighing about 600 g, while fruit pulp (Fig. 1B) is bright yellow in colour, fibrous and juicy having a specific aromatic flavour with a thick (5-7 mm) peel (Fig. 1C) . The fruit is commonly referred to as brown mango in English or bambangan in Malay. This fruit is reported to be rich in carbohydrates, fibre, vitamin C, antioxidants, polyphenolic compounds, and carotenoids (Fouad, Amin, Hamid, Azrina, & Sadeq, 2011; Ibrahim, Prasad, Amin, Azlan, & Hamid, 2010; Khoo, Prasad, Amin, & Mohd-Esa, 2010) . Medicinally this fruit is used to treat stomach ache and diarrhoea.
Extraction is the initial and the most important step in the recovery and purification of bioactive compounds from plant materials. Many factors such as solvent composition, extraction temperature, solvent-to-solid ratio, solvent pH, and pressure may significantly influence the extraction efficiency, antioxidant activity and phenolic content (Gan & Latiff, 2011; Kiassos, Mylonaki, Makris, & Kefalas, 2009) . Hence, it is necessary to optimise the extraction conditions to obtain highest phenolic recovery and antioxidant activity.
The traditional method of optimisation is laborious and timeconsuming, since one factor at a time is taken into consideration. In this method, the interactions of various factors are ignored and hence, the chances of obtaining the true optimum conditions are dubious (Liyana-Parthirana & Shahidi, 2005; Lu et al., 2011) . To overcome this difficulty, usage of statistical optimisation procedure in the form of response surface methodology (RSM) is used.
RSM enables evaluation of the effects of several factors, as well as the interactions between them (Yang, Zho, & Jiang, 2008) . The use of RSM has been successfully used in optimising the extraction of phenolic compounds from food products such as pink guava (Kong, Ismail, Tyug, Prasad, & Ismail, 2010) , wheat (Liyana-Parthirana & Shahidi, 2005) , onion (Kiassos et al., 2009) , and stink bean (Gan & Latiff, 2011) among others.
Previously, we have reported the nutritional and carotenoid composition of M. pajang, (Ibrahim et al., 2010; Khoo et al., 2010) , while Fouad et al. (2011) have determined its antioxidant activities. However, there are no studies undertaken to maximise the polyphenolic content and antioxidant activity. Hence, the objective of the present study was optimisation of extraction conditions from M. pajang peel to obtain the highest polyphenolic content and antioxidant capacity. Additionally, the major phenolic compounds were also identified by liquid chromatography-mass spectrometry (LC-MS).
Materials and methods

Plant material
Fresh fruits of M. pajang Kosterm. (20 kg) at a commercially ripe stage were collected early morning (6 am) from Bau, Sarawak, Malaysia. The fruits were then wrapped with paper, placed in an ice box and transported via air to Nutrition Laboratory, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang, Malaysia. Upon arrival, the fruits were chosen for uniformity in shape and colour, washed carefully with tap water and air dried. The fruit peels, pulp and seeds were manually separated, and then oven dried at 60°C for 24 h, and ground into powder using a blender. The moisture content of the fresh peels was determined to be 24.8 ± 1.5%.
Chemicals and reagents
Gallic acid, catechin, epicatechin, pyrogallic acid, mangiferin, and rutin standards were obtained from Sigma-Aldrich Co. (St Louis, MO). Folin-Ciocalteu reagent was obtained from Merck (Darmstadt, Germany). All other chemicals and solvents used in this study were of analytical grade.
Extraction
Dried powder (10 g) of M. pajang peel (MPP) was placed in a conical flask with aqueous ethanol at desired concentrations. The pH was adjusted to 2 using 0.1% HCl, and extraction was carried out for 30 min using a rotary shaker (Unimax 1010, Heidolph, Kelheim, Germany) at 400 rpm, at specified temperature and liquidto-solid ratio as dictated by the experimental design. The optimisation procedure was designed based on a three-factor inscribed central composite design (CCD) consisting of ethanol concentration (20-80%), temperature (30-65°C) and liquid-to-solid ratio (12.5-50 mL/g), using five levels of each variable as shown in Table 1 . The extract was then filtered using Whatman filer paper (Number 4, pore size 20-25 lm), and the filtrate was used to determine total phenolic content (TPC) and antioxidant capacity (AC).
Determination of total phenolic content
Total phenolic content of MPP extracts obtained by the above method was determined according to the method of Singleton and Rossi (1965) and then expressed as milligram gallic acid equivalent (GAE)/gram dry weight. In brief, a 100-lL aliquot of the sample was added to 2 mL of 20 g/L sodium carbonate solution. After 2 min of incubation, 100 lL of 50% Folin-Ciocalteu reagent was added and the mixture was then allowed to stand for 90 min at 25°C. The absorbance was measured at 750 nm against blank using a spectrophotometer (UV 1601, Shimadzu Co. Ltd., Kyoto, Japan). The blank consisted of all reagents and solvents without the sample. The total phenolic content was determined using the standard gallic acid calibration curve.
Antioxidant capacity by phosphomolybdenum method
Antioxidant capacities (AC) were determined by the method of Prieto, Pineda, and Aguilar (1999) . An aliquot (0.1 mL) of the sample fractions was mixed with 1 mL of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The mixture was covered and incubated at 95°C for 90 min. After the mixture was cooled, the absorbance was measured at 695 nm against blank. A typical blank solution contained 1 mL of reagent solution and the appropriate volume of the same solvent used for dissolving the sample, and it was incubated under the same conditions. The antioxidant activity was expressed as the absorbance value at 695 nm. A higher absorbance value indicates a higher antioxidant activity. 
Experimental design
A three-factor inscribed central composite design (CCD) was used to identify the relationship existing between the response functions and the process variables, as well as to determine those conditions that optimised the extraction process of total phenolic content and antioxidant capacity of MPP. The independent variables or factors studied were ethanol concentration (X 1 : 20-80%), temperature (X 2 : 30-65°C) and liquid/solid ratio (X 3 : 12.5-50 mL/g), while response variables were total phenolic content (Y 1 ) and antioxidant capacity (Y 2 ). The selection and range of these three factors was based on our preliminary experimental data (data not shown). Each variable to be optimised was coded at three levels À1, 0, +1 (Table 1) . Twenty randomised experiments including six replicates as the centre points were assigned, based on CCD. Values of independent process variables considered, as well as measured and predicted values for both responses, total phenolic content (TPC, Y 1 ) and antioxidant capacity (AC, Y 2 ) are given in Table 2A .
Statistical analysis
The Design Expert Version 6.0 (Minneapolis, MN) software was used to conduct the experimental design and the statistical analysis. Results for the contents of total phenolics and antioxidant capacity were expressed as means ± standard deviations. A response surface analysis and analysis of variance (ANOVA) were employed to determine the regression coefficients, statistical significance of the model terms and to fit the mathematical models of the experimental data that aimed to optimise the overall region for both response variables. A second order polynomial model was applied to predict the response variables as given below:
where Y is the predicted dependent variable; b 0 is a constant that fixes the response at the central point of the experiment; b 1 , b 2 and b 3 are the regression coefficients for the linear effect terms; b ) and the ANOVA analysis (p < 0.05). The significance of the regression coefficients was analysed through a t-test, and non-significant coefficients were removed to obtain a reduced model. The relationship between the independent variables (X 1 , X 2 , and X 3 ) and the response variables (Y 1 and Y 2 ) was demonstrated by the response surface plots.
Verification of the model
Experimental data for the contents of phenolics and antioxidant capacity were obtained according to the recommended optimum conditions. The TPC and AC were determined after extraction of phenolic compounds under optimal conditions. The experimental and predicted values were compared in order to determine the validity of the model.
Liquid chromatography-mass spectra (LC-MS)
Individual phenolic compounds in MPP extracts were identified using the HPLC method described by He and Xia (2007) . Reserved phase Lichrospher C18 column (250 Â 4 mm; 5 lm film thickness, Merck) was utilised for the separation. Gradient elution was performed with 0.5% (v/v) acetic acid (solvent A) and 100% methanol (solvent B) at a constant flow rate of 0.6 mL/min. The linear gradient profile was set as following: 100% A, 10% A at 20 min to 25 min, and back to 100% A at 30 min. Approximate 20 lL of sample extract were injected into the column set at room temperature (25°C). UV-Vis absorption spectra were monitored by diode array detector (DAD) at 200-600 nm and phenolics were detected.
Electrospray ionisation mass spectroscopic (ESI-MS) analysis of phenolic compounds in MPP was performed using an Applied TSQ Quantum Ultra LCMS (API2000, ABI, Foster City, CA). Mass spectra were achieved by electrospray ionisation (ESI À ) in negative ion mode, with maximum 3000 Da for the best resolution. The spray voltage used was 3500 V. The sweep gas was 99% pure nitrogen, and sheath gas pressure was 30 psi with 5 psi for auxiliary gas pressure. The capillary temperature was 270°C. The injection volume was 10 lL and the flush speed was 100 lL/s. Continuous full mass spectral data were obtained by scanning from m/z 100 to 800. Identification of the phenolic compounds of MPP was achieved by comparison with retention times, UV-Vis absorption spectra and ESI-MS spectra with the reference standards available.
Results and discussion
3.1. Sample selection M. pajang peel was selected in the present study, because it is edible and high in polyphenolic content compared to pulp (AbuBakar, Mohamad, Rahmat, Burr, & Fry, 2010) . Previously, there have been reports that fruit peels are rich in antioxidants and phenolic compounds compared to pulp and seeds (Gan & Latiff, 2011; Guo et al., 2003; Prasad et al., 2011) .
Fitting the response surface models
The experimental values of phenolic content (Y 1 ) and antioxidant activity (Y 2 ) were employed in a multiple regression analysis performed using response surface analysis to fit the second-order polynomial equations. In this study, the values obtained experimentally for both response variables are near to the predicted values, indicating a satisfactory model (Table 2A) . Coefficients of determination (R 2 ), adjusted R 2 values, probability values (p) and lack-of-fit values for both dependent variables are given in Table 2B . The quality of fit to the second-order polynomial models was established based on the coefficients of determination (R 2 ), which were 0.9936 and 0.9900 for phenolic and antioxidant activity, respectively. The ''fitness'' of the model was studied through the lack-of-fit test (p > 0.05), which indicated the suitability of models to accurately predict the variation.
Influence of extraction parameters on total phenolics content
The influence of three independent variables towards total phenolics content was reported through the significant (p < 0.05) coefficient of the second-order polynomial regression equation. For TPC (Y 1 ), effect of solvent concentration, extraction temperature and liquid to solid ratio was significant (p < 0.05) in first-order linear effect (X 1 , X 2 and X 3 ), second-order quadratic effect (X 2 2 ) and interactive effect (X 1 X 3 ). The predicted model obtained for Y 1 is given in Table 2B . Extraction of TPC had a greater influence of solvent concentration (20-80%), extraction temperature (30-65°C) and liquid-to-solid ratio (20-50 mL/g). As the extraction and separation of phenolic compounds depends largely on the polarity of solvents and the compounds, a single solvent might not be effective for the isolation of a bioactive compound. Hence, a combination of alcohol with water is more effective in extracting phenolic compounds than alcohol alone (Markham, 1982; Markom et al., 2007) . When ethanol concentration increased from 32% to 68%, increase in the phenolic content from 9.27 to 12.9 mg GAE/g, was observed (Fig. 2a) . This is probably due to the increased solubility of phenolic compounds in the mixture of ethanol and water (Jayaprakasha, Girennavar, & Patil, 2008) . Our results are in good agreement with Liyana-Parthirana and Shahidi (2005) , where the total polyphenol content of wheat increased when ethanol concentration increased. Spigno, Tramelli, and Faveri (2007) reported higher phenolic content from grape seeds when 50% ethanol was used. Lu et al. (2011) obtained high phenolic content when 67% ethanol was used to extract polyphenols from root bark of Wikstroemia indica. However, when ethanol concentration was higher than 68% in the present investigation, the phenolic content decreased.
With regard to extraction temperature, the TPC content increased with increase in temperature up to a certain extent (58°C) and then decreased (Fig. 2b) . A rise in extraction temperature can rupture the phenolic matrix bonds and influence the membrane structure of plant cells making them less selective, due to coagulation of lipoproteins (Fernandez, Goodwin, Lemmon, Levelt-sengers, & Williams, 1997) . The dielectric constant of water decreases and solvent property and ability change at higher temperature, resulting in a better extraction of phenolics (Corrales, Toepfl, Butz, Knorr, & Tauscher, 2008) . Higher temperature can also increase the phenolics content through increasing phenolic solubility, diffusion rate, extraction rate, and reduced solvent viscosity and surface tension (Ju & Howard, 2003) . However, further raise in extraction temperature could degrade phenolic compounds, due to the interference of compound stability caused by chemical and enzymatic degradation, or reaction with other plant components reducing extraction efficiency (Durling et al., 2007) . Pompeu, Silva, and Rogez (2009) have reported optimum temperature of 58°C to obtain highest phenolic content from fruits of Euterpe oleraeceae. Contradictory to our results, Gan and Latiff (2011) obtained highest phenolic content from stink bean pod, when a temperature of 35°C was used. However, the extraction time they used was 100 min, against 30 min of extraction time in the present study. Increasing in extraction temperature will be helpful in the increasing the extraction rate, as well as reducing the extraction time (Cacace & Mazza, 2002) .
The total phenolic content increased with increasing liquid-tosolid ratio. Lower liquid-to-solid ratio (20:1-25:1), resulted in lower TPC ranging from 9.27-12.0 mg GAE/g. When the liquid-to-solid ratio increased from 20:1 to 30:1, the total phenolic content also increased, which was probably due to the fact that more solvent could enter cells while more phenolic compounds could permeate into the solvent under the higher solid-to-liquid ratio conditions (Prasad, Chun, En, Zhao, & Jiang, 2009) . With further increase in liquid-to-solid ratio, a decline in TPC content was observed (Fig. 1c) . Kojic, Planinic, Tomas, Bilic, and Velie (2007) obtained higher polyphenol content from grape seeds when a liquid/solid ratio of 40:1 (v/m) was used. Pompeu et al. (2009) have reported that extraction of phenolics compounds was highly dependent on liquid/solid ratio. They have reported liquid/solid ratio of 40:1 (mL/g) was sufficient to extract high quantities of phenolics from fruits of E. oleraeceae. Gan and Latiff (2011) reported liquid/solid ratio (20 mL/g) played a significant role in the yield of phenolics, while extraction temperature did not make any significant contribution towards TPC.
Influence of extraction parameters on antioxidant activity
For antioxidant activity, the solvent concentration, temperature and liquid-to-solid ratio were significant (p < 0.05) in three linear effects (X 1 , X 2 and X 3 ), two quadratic effects (X 1 2 and X 2 2 ) and three interactive effects (X 1 X 2 , X 1 X 3 , and X 2 X 3 ). The predicted model obtained for Y 2 is given in Table 2B .
Antioxidant activity started to increase with increased proportion of ethanol concentration in the extraction medium (Fig. 3a) . Thus, the proportion of ethanol concentration in the extraction medium had a significant influence on the antioxidant properties of MPP extracts. Liyana-Parthirana and Shahidi (2005) reported that by using aqueous ethanol (50%), it was possible to obtain higher antioxidant activity compared to other aqueous solvents. Additionally, they also reported that ethanol concentration contributed significantly to antioxidant activity. Pompeu et al. (2009) and Kiassos et al. (2009) reported concentration of ethanol had a great influence on antioxidant activity.
Extraction temperature caused a linear increase in the antioxidant activity as shown in Fig. 3b . Increase in temperature increased the total antioxidant capacity. It was confirmed that the rate of extraction of thermally stable antioxidants at elevated temperature was higher than the rate of decomposition of less soluble antioxidants (Liyana-Parthirana & Shahidi, 2005) . The temperature during extraction influences the compound stability due to chemical and enzymatic degradation and losses by thermal decomposition; these have been suggested to be the main mechanisms causing the reduction in polyphenol content (Corrales et al., 2008) . Pompeu et al. (2009) obtained high antioxidant activity at a temperature of 58°C. Similarly, high antioxidant activity of wheat extracts was noticed, when a temperature of 61°C was obtained (Liyana-Parthirana & Shahidi, 2005) .
The influence of liquid-to-solid ratio on the antioxidant activity of MPP extract is given in Fig. 3c . High antioxidant activity was noticed (0.1826-0.1985 nm), when the liquid-to-solid ratio was low (20-30 mL/g). It is probably because the chance of antioxidant components coming into contact with extracting solvent increased as the amount of solvent increased. However, further increase may dilute the extracting solution and result in lower antioxidant activity. Gan and Latiff (2011) reported high antioxidant activity, when liquid/solid ratio of 20 mL/g was used.
3.5. Optimisation of phenolics and antioxidant capacity and verification of the models To obtain MPP extract with high phenolic and antioxidant capacity, the optimal level of extraction parameters were generated based on two single response variables and their combination. Multiple graphical and numerical optimisations were run for determining the optimum levels of independent variables with desirable response goals. Three optimal conditions were developed for the responses, which were ethanol concentration 68%, 55°C and 32.7 mL/g, for TPC, while for AC it was 68%, 56°C and 31.8 mL/g, respectively, via the optimum conditions, the corresponding predicted response values for phenolics and antioxidant capacity were 14.6 mg GAE/g and 0.2065, respectively. The experiments were run in accordance with the recommended optimum conditions for two responses, to test the adequacy of the response surface models in predicting the optimum response values. The observed values for total phenolics content and antioxidant activity were 14.6 ± 0.0026 mg GAE/g and 0.2035 ± 0, respectively. The response surface models were verified using experimental and predicted values. No significant difference (p > 0.05) was found between the experimental and the predicted values for phenolics content (E = 0.017%) and total antioxidant activity (E = 0.731%).
The antioxidant activity of MPP extract was in moderate agreement with the amount of phenolics found in it. Statistical correlations between total phenolic content and antioxidant capacity were determined (R 2 = 0.5902). A similar finding of low correlation between total phenolics and antioxidant activity was reported by Pompeu et al. (2009) . Thus, the content of phenolic compounds in the present study could not be used as an indicator of antioxidant capacity. There are several antioxidant compounds like flavanoids, carotenoids and polysaccharides which are not determined in the present study, which might also contribute to antioxidant activity.
Phenolic compound identification
Fig . 4 shows the HPLC chromatogram of MPP extract. Peak identification was performed by comparing retention times (t R ), UV-Vis spectra and mass spectra with those of reference standards or literature data. Peak 1 with t R of 8.3 was identified to be pyrogallic acid, with [MÀH] À peak observed at m/z 125.02. The second peak with t R of 10.3 with [MÀH] À peak observed at m/z 169.07 was identified as gallic acid. The third peak was identified as (À)-catechin with [MÀH] À of 289.15, with t R of 12.4 . The fourth peak was identified as (À)-epicatechin with a t R of 12.7, [MÀH] À peak of 289.05. Mangiferin was identified as the fifth compound with t R of 13.4, with [MÀH] À peak of 421.00. Sixth peak with t R of 20.3 and [MÀH] À peak of 609.07 was identified as rutin. The phenolic compounds identified from M. pajang peel extracts are in good agreement with Abu-Bakar et al. (2010) . Fig. 4 . HPLC profile of M. pajang peel extract. 1, Pyrogallic acid; 2, gallic acid; 3, catechin; 4, epicatechin; 5, mangiferin; 6, rutin.
Conclusion
Response surface methodology was successfully implemented for optimisation of total phenolics and antioxidant activity. The most efficient extraction conditions were at ethanol concentration of 68%, 55°C and 32.7 mL/g, for TPC, while for AC it was 68%, 56°C and 31.8 mL/g, respectively. M. pajang peel can thus be used in fortification, since it is rich in polyphenols with antioxidant activity. Further studies are warranted for recovery of phenolics and antioxidants using novel extraction technologies.
